Herpes simplex virus from mouth and genitalia could be distinguished antigenically and also differed in certain biological properties. Viruses isolated from oral lesions replicated better in rabbit kidney cell cultures than did viruses isolated from genital lesions; however, the total number of virus particles produced was the same for both virus types. A greater proportion of particles in stocks of the oral strains grown in rabbit kidney cells were enveloped than in stocks of genital strains grown in the same cells. The genital strains formed plaques in chick embryo cell cultures, but the oral ones did not and replicated poorly. The genital strains were more neurovirulent when injected intracranially into mice than were the oral strains, based on the number of p.f.u, injected; however, there was no difference in neurovirulence if the doses were calculated in terms of total particles injected. These differences provide useful markers for characterizing the types of herpes virus.
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I N T R O D U C T I O N
Several investigators have reported the existence of two types of herpes simplex virus which can be distinguished antigenicaUy (Shubladze & Chzhu-Shan, 1959; Shubladze et al. I96O; Schneweis & Brandis, I96I ; Schneweis, I962; Plummer, i964; Pauls & Dowdle, 1967) . Recently, it has been found that most viruses isolated from the mouth, pharynx, eye, brain or cutaneous lesions generally fit into one antigenic group (type i) while viruses isolated from lesions of the perineum and genitalia are antigenically different (type 2) (Dowdle et al. I967; Schneweis, i967; Rawls et al. I968) . Herpes virus type 2 appears to be mainly transmitted venereally (Parker & Banatvala, I967) . Data from animal experimentation and clinical observations suggest that infection with one type of virus does not immunize against infection with the other type, although cross-reacting antibodies are present (Nahmias & Dowdle, 1968) .
In addition to antigenic differences, the two types of virus differ in the size of pocks formed in the chorioallantoic membrane of chick embryos (Schneweis, I962; Parker & Banatvala, i967) , type of cytopathic effect in HeLa cells (Munk & Donner, I963) , and in neurovirulence (Plummer & Hackett, 1966) . In a previous study from this laboratory it was observed that genital strains produced less infectious virus when propagated in rabbit kidney cells (Rawls et aL 1968) . The present study was undertaken to examine the replication of the two types of herpes virus in rabbit kidney cells and other hosts, in an attempt to exploit the differences as markers for the identification and characterization of herpes-virus isolates.
Tissue culture. Primary rabbit kidney cell cultures were prepared as previously described (RawIs et aL I968). Eight-to I i-day-old chick embryos were trypsinized and cultured in a similar way. Primary trypsinized cells were grown in Melnick's medium A. Maintenance medium for all cell cultures consisted of Eagle's medium supplemented with 2 % foetal bovine serum, antibiotics (penicillin IOO u./ml, and streptomycin IOO #g./ml.), and sodium bicarbonate, 2"25 g./1.
Viruses. The genital strains I86, I96, I97 and Lyons and the oral strain KOS were described by Rawls et aL (i968). They were passaged I to 3 more times in rabbit kidney cultures. Oral strains 6348, 6357, 6577 and 6683 were obtained from Dr E. C. Herrmann 0967). Isolated from throat swabs in WI-38 cells and passed once in rabbit kidney ceils, these strains were found by neutralization kinetics to be antigenically similar to the oral strains previously described (Rawls et al. I968) . Stocks of all strains were prepared by infecting monolayers of rabbit kidney cells and harvesting the cultures when 75 % to IOO % of the cells showed cytopathic effect (CPE). The virus was released from the cells by three cycles of freezing and thawing followed by ultrasonic treatment for 30 sec. (Smith, I963). Viruses were assayed by adding 0.2 ml. of inoculum to cell monolayers in Petri dishes and permitting adsorption for 2 hr at room temperature. The monolayers were then covered with an overlay containing 2 ~o methylcellulose in Eagle's medium supplemented with IO % foetal bovine serum, antibiotics, neutral red and NaHCO3 2"25 g./1. (Rapp, I963) . Plaques were counted after 4 days' incubation at 37 °, and virus concentrations expressed as p.f.u./ml.
Growth cycles. To study the replication of the herpes virus strains in rabbit kidney and chick embryo cells, monolayers in tubes were inoculated with a multiplicity of 3 p.f.u./cell. After 2 hr adsorption at room temperature the tubes were washed twice with maintenance medium and I ml. of the same medium was added to each tube. The tubes were incubated at 37 ° and three tubes were removed at appropriate intervals and frozen at -7 o°. Within 3 days of the final sampling the samples from the same time intervals were thawed, pooled, and all samples were assayed simultaneously using two monolayers per dilution. Each growth curve experiment was repeated at least twice.
Virus particle counts. Virus particles were counted in the electron microscope using either the sedimentation technique or the droplet method (McCombs, BenyeshMelnick & Brunschwig, I966). Enveloped and naked particles were counted in five fields, photographed at random, and the percentage of enveloped particles was calculated.
Animal inoculations. Three-week-old Swiss mice were inoculated intracranially with 0.025 ml. of dilutions of the virus (IO -~ to IO-6). Simultaneously the dilutions were plated in rabbit kidney monolayers to determine the concentration of p.f.u. The mice were observed daily and deaths were recorded for a period of 3 weeks.
R E S U L T S

Differences in infectivity of oral and genital strains
To substantiate the earlier observations of lower concentrations of genital strains grown in rabbit kidney cells, stocks of all virus strains were prepared and assayed (Table 0 . The titres of pools of the genital strains ranged from 1.6 x io 5 to 1.4 x io e p.f.u./ml, while the titres of pools of oral strains ranged from 4.6 x lO T to I.O x IO * p.f.u./ml. Thus, ten-to Ioo-fold less infectivity was a consistent finding for genital strains. Titrations of the virus pools in culture tubes containing monolayers of rabbit kidney cells covered with a fluid medium yielded similar results. For example, the titres obtained in rabbit kidney monolayers in Petri dishes under methocel overlay were 1"4 x lO 6 and 5"o x lO 7 p.f.u./ml, for strains 186 (genital) and KOS (oral) while in tubes the titres were 4"0 x ~o 6 and 2. 5 x lO s TCD 5 o, respectively; thus the differences in infectivity were not due to a selective inhibition of one of the virus types by the conditions in the overlaid cultures. Plaque forming units determined in rabbit kidney cells.
The reduced infectivity of the genital strain in rabbit kidney cells could reflect a decreased production of virus particles, the production of a greater proportion of defective particles, or a greater lability of the virions with a rapid loss of infectivity. To determine the quantity of virus produced, particle counts were made on the pools of the different strains. There was no difference between the two types of virus in total particle production. Consequently, the particle to infectivity ratio was much higher in the genital strains (Table i) .
The replication of the two types of herpes virus in rabbit kidney cells was examined by analysing results of single-cycle growth experiments to distinguish between defective production or more rapid inactivation of the genital strains (Fig. I) . The latent period of both virus types was similar and both attained peak titres after incubation for 28 hr. The maximum yield was 400 p.f.u./cell for the oral strain and IO p.f.u./cell for the genital strain. After 28 hr there was a decrease in infectivity which was more rapid for the genital strains. The production of virus particles as determined by counts was virtually the same for both strains.
Differences in proportion of enveloped particles
Although it is generally agreed that the enveloped particles of herpes virus are infectious, the infectivity of the naked particle remains in doubt (Darlington & Moss, I969). Therefore, the proportion of enveloped particles found during the growth cycle 
Differentiation of herpes-virus isolates
263 described above, and in the pools of the strains, was examined to see if the lower infectivity of the genital strains could be correlated with a low yield of enveloped particles. The two virus types could be easily distinguished by the proportion of enveloped particles produced in rabbit kidney cells (Table 2) . Although the presence of envelopes in a greater proportion of particles of the oral strains was characteristic, the differences observed in infectivity between the types of herpes virus could not be accounted for by this fact alone. The difference in infectivity was consistently in the range of 5 °-to ~oo-fold while the difference in proportion of enveloped particles was less than tenfold. It was also noted in the growth curve that between 48 and 72 hr there was about a tenfold loss in infectivity of the genital strain which was associated with only a threefold decrease in particles with no decrease in proportion of particles with envelopes. H o u r s a t 37 ° H o u r s a f t e r infection 
Differences in thermostability
An increased heat lability of the genital strains as an explanation for the lower yields of virus was examined. A tenfold dilution of the virus pools in maintenance medium was incubated at 37 °. Samples were removed at the start and then at 2 hr intervals and frozen at -7 o°. When all samples had been collected, they were assayed simultaneously for surviving virus. There was a clear difference in stability of the two types of virus under the conditions in which the virus pools were prepared (Fig. 2) , suggesting that thermal instability contributes to the reduced infectivity observed in pools of genital strains.
Differences in plaque formation in chick embryo cells
The ability of the two types of virus to form plaques in other tissue-culture systems was tested. The genital strains could be readily distinguished from the oral strains in primary chick embryo ceils. The genital strains formed plaques readily in these cells at titres equal to those in rabbit kidney cells while the oral strains failed to do so ( Table I ). The plaques were visible in 2 days, and by 4 days attained a size of 0"5 ram. The oral strains did not form discernible plaques, although microscopic examination of the monolayers infected with over iooo p.f.u./culture revealed scattered cells with cytopathic effect. The replication of the oral and genital strains in chick embryo cells was examined in a single-cycle growth curve. The growth characteristics of the genital strains were similar to those described in rabbit kidney cells, except that the peak titre was about 3o-fold less in chick embryo cells than in rabbit kidney cells (Fig. 3) -The oral strains replicated much more slowly in chick embryo cells and reached lower titres than the genital strain in the same cells. Particle counts at 24 and 48 hr indicated that IO times more particles of the genital than of the oral type were formed in these cells. 
Neurovirulence in mice
The assay in rabbit kidney cells indicated that there was less infectious virus in pools of genital strains; however, when these pools were assayed by intracranial inoculation of mice, the infectivity of the oral and genital strains was almost the same (Table 3) . The LD5o's of the isolates varied from Io 3.8 to IO5"v]o'o25 ml., and the two types of virus could not be distinguished on this basis. The genital strains appeared more neurovirulent when the LD 50 was expressed in terms of TCD 50: LD 50 or p.f.u.: LD 50; but on the basis of the number of virus particles inoculated, the LD 5o's of the two types of virus were not different.
D I S C U S S I O N
Several investigators have reported the isolation or development of strains of herpes virus with different plaque morphology or cytopathic effect, and in some instances the variant strains were antigenically altered (Rapp, 1963; Ejcrcito, Kicff & Roizman, 1968; Wheeler, 1964) . The antigenic nature of herpes virus has been reportedto become modified when the virus is maintained in a carrier state (Hampar & Keehn, 1967) . In addition, antigenic classification of virus strains has not resulted in agreement on the number of groups (Ashe & Scherp, 1965) . Although the majority of reports now indicate that two naturally occurring types of herpes virus can be distinguished antigenically (Schneweis, 1962; Dowdle et aL I967; Rawls et al. 1968) , the presence of definite biological differences suggested by others (Parker & Banatvala, 1967; Munk & Donner, I963; Plummer, Wanner & Bowling, 1968) and extended in this report clearly establishes the existence of two types of herpes virus (Table 4) . Most striking of the differences is the predilection of the type 2 herpes virus for genital sites and its apparent venereal transmission. As yet, no biological property which would impart a survival advantage by this means of transmission has been found for the genital types.
Genital strains of herpes virus produce large pocks on the chorioallantoic membrane of chick embryos after incubation for 7 days while the pocks caused by non-genital strains remain small (Parker & Banatvala, 1967) . The genital strains, which produce large pocks, form plaques well in chick embryo cells, while the oral isolates, which form small pocks, do not and replicate poorly in chick embryo cells. Waterson (I958) reported that an oral strain could form plaques in chick embryo cells; however, the HFEM strain used by him had been passed in eggs repeatedly, providing opportunity for a variant to arise. His attempts to form plaques with two fresh isolates (presumably oral) were unsuccessful. The results of studies now in progress in our laboratory suggest that genetic mutants of oral strains which form plaques in chick cells can be selected upon continuous passage in these cells. The mode of replication of the two types of herpes virus in chick tissues is a distinguishing feature which deserves further study.
The differences in the yields of enveloped particles may, in part, account for the differences in infectivity found when the two types of virus were grown in rabbit kidney cells. The evidence at present available suggests that enveloped particles are responsible for all or the great majority of infectivity measured in tissue cultures (Darlington & Moss, 1969; Smith, I964) . The proportion of particles possessing envelopes depends upon the time of harvest of the virus and the cell type in which the virus is grown (Watson, Wildy & Russell, 1964; Wildy & Watson, 1962 ) . The data presented in Table 2 demonstrate that the proportion of enveloped particles also depends on the virus type. When grown in rabbit kidney cells the genital strains have fewer enveloped particles. This difference was less distinctive when the virus pools were prepared in human fibroblast cultures. Envelopment of the herpes virion occurs at the nuclear membrane of the cell (Darlington & Moss, 1969) . Whether the fewer enveloped particles observed in the genital strains represent a defect in assembly of the virion at the nuclear membrane or a more rapid loss of envelopes remains to be determined.
The thermostability of herpes virus is dependent upon the composition of the suspending medium (Wallis & Melnick, 1965) . Under the conditions of virus growth, the genital strains were found to be more thermolabile than the oral strains. This confirms the results obtained by Schneweis (i962) , who found a loss of infectivity of 5 to 6 log. for type 2 but only 0"5 to 1"5 log. for type I strains, when the viruses were held at 4 ° for IOO days. Plummer et aL (1968) recently reported similar thermolability for type 2 herpes virus at 37 °.
The results of the neurovirulence tests, when compared on the basis of number of p.Lu. injected, suggest that the genital strains were more virulent in mice. This agrees with the results obtained by Wheeler (i964) in similar experiments using the H F strain (type 2) and the H P F variant which has the characteristics of a type I virus. Plummer & Hackett (1966) reported that intramuscular inoculation of a type 2 strain (MS) caused death in a greater percentage of the animals which developed paralysis than did a type I strain (L-2). In our experience, there was no difference in neurovirulence of the two types of virus if the doses were calculated in terms of total particles injected instead of p.f.u., suggesting that differences observed by Plummet & Hackett (I966) and Plummer et al. (1968) are related to the spread of the viruses from peripheral sites to the central nervous system.
